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An experiment has been conducted to study the effects of the inclusion of plant oil in rabbit diets. This study was aimed at
evaluating the beneficial effects of the inclusion of maize oil (MO), rich in unsaturated fatty acids (UFAs), compared to palm oil
(PO) containing saturated fatty acids (SFAs), on the meat fatty acid (FA) profile. As UFAs are susceptible to rancidity, Curcuma
longa (CL), which is known for its antioxidant properties, was also added (3 g/kg) to the diet with two plant oils. CL contains
curcuminoids, volatile oils, sugars, proteins, resins and polyunsaturated fatty acids (PUFAs). We also evaluated the influence of
CL inclusion in the diet on the FA profile of the meat. Furthermore, the possibility of using these oil-enriched diets and the ability
to assimilate CL in rabbits was evaluated by analysing the performance, carcass characteristics and meat quality. At the end
of the experiment, there were no significant differences between the groups concerning the live weight, live weight gain, feed
consumption, feed efficiency, carcass yield or the percentages of edible organs. The hind legs, forelegs, loins and abdominal wall,
breast and ribs, skin and limbs and head were not affected by the oil type or by the inclusion of CL. The chemical composition,
pH and oxidative status of the Longissimus dorsi muscle of the rabbits fed the experimental diets were not affected by the oil
source or by the CL supplementation. Conversely, it has been shown that it is possible to modify the FA profile of rabbit meat
and fat by dietary means. The SFA/PUFA ratio significantly decreased from 218% to 216% in the meat and from 225% to
223% in the perirenal fat of the rabbits fed diets containing MO without or with CL supplementation, respectively, compared to
same tissues of the rabbits fed diets containing PO without or with CL supplementation, respectively. Similar trends were found
for the atherogenic index, which decreased from 220% to 217% in the meat and from 226% to 223% in the perirenal fat,
respectively, and the thrombogenic index, which decreased from 219% to 224% in the meat and from 224% to 223% in the
perirenal fat, respectively. CL increased the a-Linolenic acid and PUFA n-3 contents and reduced the vaccenic acid content and
the n-6/n-3 ratio in the meat of the rabbits fed the PO or MO diets.
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Implications
Our study shows that the use of diets containing maize oil
improves the polyunsaturated fatty acid (PUFA) content of
rabbit meat, and the PUFA n-6 content in particular. Some
of these PUFAs in the perirenal fat and, to a lesser extent,
in the intramuscular fat, undergo desaturation into pre-
cursors of eicosanoids. These products are important reg-
ulators of cellular functions with inflammatory, atherogenic
and prothrombotic effects. The addition of Curcuma longa
further enhances the PUFA n-3 content and this improves the
nutritional value of rabbit meat with consequent beneficial
effects on the consumers’ health, particularly for people with
metabolic diseases.
Introduction
In developed countries, much attention has been paid to the
influence of diet on human health and well-being and people- E-mail: piergiorgio.peiretti@ispa.cnr.it
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tend to exercise control over their fat intake and the fat
composition of food. Therefore, one of the main aims of
researchers is to produce healthy meat to reduce saturated
fatty acids (SFAs) and increase mono and polyunsaturated
fatty acids (MUFA and PUFA) in fat deposits. Unlike satu-
rated fats, the consumption of meat enriched with MUFA
and PUFA decreases the risk of atherogenic plaque in the
arteries of consumers and contributes to the prevention of
cardiovascular disease and metabolic disorders.
Different vegetable oil sources have been used in rabbit
diets to increase the lipid unsaturation level (Dalle Zotte,
2002). As far as fat composition is concerned, rabbit
meat could be a very useful food in human diets, because it
is relatively lean and has a lower level of cholesterol than
other meats.
However, increasing the degree of unsaturation of rabbit
tissues by dietary manipulation accelerates oxidative
deterioration during meat processing and storage (Dalle
Zotte, 2002) and there has been an increasing interest in
the use of antioxidants in rabbit feed formulas (Herna´ndez,
2008). PUFAs are particularly susceptible to oxidative
breakdown, which leads to the production of peroxides and
eventually to rancidity (Enser, 1984); the susceptibility of
muscle lipids to oxidation is also influenced by the presence
of antioxidants.
Dietary supplementation has been proved to be a simple
and convenient strategy to introduce a natural antioxidant
that may effectively inhibit oxidation reactions (Botsoglou
et al., 2004). Antioxidants (vitamin E or C and their combi-
nations) have been widely used as food additives to provide
protection against the oxidative degradation of food (Selim
et al., 2008). The search for natural antioxidants, especially
of plant origin, has increased notably in recent years to
obtain functional food, through the inclusion of essential
fatty acids (FAs), vitamins and antioxidants in the rabbit
diets, in order to assess the effects on the meat (Cavani
et al., 2009).
Curcuma longa (CL) has been used for hundreds of years
as a flavour, colour and preservative, and it has been applied
for the prevention and cure of the skin, and for hepatic
conditions, ulcers and digestive disorders. Recently, it has
attracted a great deal of attention due to its significant
medicinal potential. Curcuma has been found to have anti-
inflammatory, anti-infectious and anti-tumorous properties
(Jain et al., 2007). Arafa (2005) has shown an attenuation
of hypercholesterolaemia in rats fed curcumin. Zhang et al.
(1999) have reported increased LDL-receptor amounts in
vascular smooth muscle cells of rats that were treated orally
with a turmeric extract. Supplementation with CL reduces
oxidative stress and attenuates the development of fatty
streaks in rabbits fed a high cholesterol diet (Quiles et al.,
2002). CL can be used satisfactorily in rabbit mixed feeds
with maize oil (MO) supplementation (Zunino et al., 2010),
and this has resulted in a better digestibility of dry matter
(DM), organic matter and gross energy (GE) than a control
diet. In rabbit mixed feeds with palm oil (PO) supplementa-
tion, CL has decreased acid detergent fibre (ADF) digestibility
and increased ether extract (EE) digestibility. The use of
curcuma in rabbit diets has been evaluated, because of its
effects on lipid metabolism, by Wientarsih et al. (2002), who
observed enhanced fat and cholesterol excretion mediated
through an acceleration of the lipid metabolism from the
extrahepatic tissues to the liver.
This study was thus undertaken to evaluate the effect
of the inclusion of CL in rabbit diets on the performance,
carcass characteristics, meat stability and quality and of the
lipid traits in the fat and muscle of growing rabbits fed mixed
feeds with PO rich in SFA or MO rich in MUFA and PUFA.
Material and methods
Animals and diets
The study was carried out at the CISRA (Centro Inter-
dipartimentale Servizio Ricovero Animali) experimental rab-
bitry of the University of Turin according to the guidelines
for applied nutrition experiments on rabbits (Ferna´ndez-
Carmona et al., 2005). Forty weaned crossbred rabbits, aged
9 weeks; with a mean weight of 15126 174 g were ran-
domly assigned to four groups of 10 (five male and five
female rabbits each) with equal initial weight variability. The
animals were housed individually under standard conditions,
at a temperature of 228C6 28C, in wire cages at a height of
90 cm from the concrete floor. Four isonitrogenous and iso-
energetic diets were formulated with 40 g/kg PO and 40 g/kg
MO, with or without CL supplementation (3 g/kg), respec-
tively. The CL powder was obtained from Elika Distribuzioni
(Turin, Italy). All the diets were pelleted and stored in the
dark to avoid auto-oxidation of the lipid sources. The ingre-
dients and chemical composition of the four diets are shown
in Table 1, whereas the FA profile of the four experimental
diets is reported in Table 2. The digestible energy content
of the diets was calculated according to the regression pro-
posed by Ferna´ndez-Carmona et al. (1996).
After 1 week for adaptation to the diets and cages, the
animals were fed ad libitum for 24 days. The rabbits had free
access to clean drinking water. The pelletted feed was placed
in mangers twice a week.
The rabbits were weighed individually at weekly intervals,
whereas the feed consumption was recorded daily; the feed
efficiency was estimated as the ratio between consumption
and weight gain. Rabbit mortality was zero during the test.
Carcass evaluations and analytical determinations
At the end of the experimental period, the rabbits from
each group were weighed and slaughtered without fasting.
The carcasses were prepared by removing the skin, feet,
paws, genital organs, urinary bladder and digestive tract,
as recommended by Blasco et al. (1993). The carcass was
weighed and the weight of the skin and limbs, head, liver,
kidneys, heart and lungs was recorded and expressed as a
percentage of slaughter weight (SW). The forelegs, hind legs,
breast and ribs, loins and abdominal wall were weighed.
Their weight was expressed as a percentage of commercial
carcass weight.
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The Longissimus dorsi muscle and perirenal fat samples
were collected 24 h post mortem from the carcass and
immediately frozen at 2208C until analysed.
All muscle samples were analysed for thiobarbituric acid
reactive substances, according to the Witte et al. method (1970).
The proximate composition of the diets and meat were
determined according to the Association of Official Analytical
Chemists Procedures (2004). The meat and diet samples were
analysed to determine DM, total N content, ash by ignition to
5508C and EE using the Soxhlet method. The diet samples
were also analysed to determine NDF without sodium sulphite
or a-amylase, and ADF, as described by Van Soest et al.
(1991), expressed exclusive of residual ash, ADL determined
by solubilisation of cellulose with sulphuric acid, as described
by Robertson and Van Soest (1981), and GE by means of an
adiabatic bomb calorimeter (IKA C7000, Staufen, Germany).
Lipid extraction was performed on the diets and the tissue
samples according to Hara and Radin (1978), whereas the
transesterification of the FAs was carried out according to
Christie (1982), with the modifications described by Chouinard
et al. (1999).
The FAs were analysed as their methyl esters. The analysis
was carried out by means of gas chromatography, as repor-
ted by Peiretti et al. (2007). The saturation (S/P), atherogenic
(AI) and thrombogenic (TI) indexes were calculated accord-
ing to Ulbricht and Southgate (1991) as follows:
S=P ¼ ðC14:0þ C16:0þ C18:0Þ=½SMUFAþSPUFA
AI ¼ ðC12:0þ 4 C14:0þ C16:0Þ=½SMUFA
þSðPUFA n-6Þ þSðPUFA n-3Þ
TI ¼ ðC14:0þ C16:0þ C18:0Þ=½0:5SMUFAþ 0:5
SðPUFA n-6Þ þ 3SðPUFA n-3Þ
þSðPUFA n-3Þ=SðPUFA n-6Þ
where MUFA and PUFA are monounsaturated fatty acids and
polyunsaturated fatty acids, respectively.
Statistical analyses
The data were analysed as a factorial arrangement of two
dietary oil sources (palm v. maize oil) and two levels of CL in
the mixed feed (0 v. 3 g/kg) together with the interaction. The
experimental analysis unit of all the data was an individual
rabbit. The performance, carcass characteristics, meat com-
position and lipid traits were evaluated by means of the GLM
procedure of the SPSS software package (version 11.5.1 for
Windows, SPSS Inc., USA). The data were presented as the
means of each group and the standard error of the means
together with the significance levels of the main effects and
interactions. No block, sex effect or interaction was found.
Results
Chemical and FA composition of the diets
As expected, the chemical composition of the four diets
was similar for the GE and the other components (Table 1).
As far as the FA profile of the diets is concerned (Table 2), the
most abundant FAs in the PO diets were oleic acid (OA,
C18:1n-9) and palmitic acid (PA, C16:0), whereas the MO
diets were rich in linoleic acid (LA, C18:2n-6). The FA pattern
Table 1 Ingredients and composition of the experimental diets with or
without CL
Palm oil Maize oil
CL 0 3 0 3
Ingredients (g/kg as fed basis)
Dehydrated alfalfa meal 460 457 460 457
Barley 190 190 190 190
Maize 150 150 150 150
Soyabean seed meal 120 120 120 120
Palm oil 40 40 0 0
Maize oil 0 0 40 40
Vitamin–mineral premix1 20 20 20 20
Lignosulphite 20 20 20 20
Curcuma podwer2 0 3 0 3
Chemical composition
DM (g/kg FM) 887 890 887 889
Organic matter (g/kg DM) 920 926 925 922
CP (g/kg DM) 186 186 189 186
Ether extract (g/kg DM) 61 58 57 58
NDF (g/kg DM) 322 320 327 305
ADF (g/kg DM) 189 181 189 184
Gross energy (MJ/kg DM) 17.1 16.8 17.0 17.0
Digestible energy3 (MJ/kg DM) 11.9 12.0 11.9 12.0
CL5 Curcuma longa; DM5 dry matter; FM5 fresh matter.
1Per kg of diet: vitamin A 200 UI; a-tocopheryl acetate, 16 mg; niacin, 72 mg;
vitamin B6, 16 mg; choline, 0.48 mg; DL-methionine, 600 mg; Ca, 500 mg; P,
920 mg; K, 500 mg; Na, 1 g; Mg, 60 mg; Mn, 1.7 mg; Cu 0.6 mg.
2Proximate composition: DM, 896 g/kg FM, organic matter, 920 g/kg DM, CP,
78 g/kg DM, fat, 70 g/kg DM, crude fibre, 51 g/kg DM, nitrogen-free extract,
838 g/kg DM and gross energy, 18.3 MJ/kg DM.
3The digestible energy content of the diets was calculated according to the
regression proposed by Ferna´ndez-Carmona et al. (1996).
Table 2 FA profile (g/kg of total FA) of the diets
Palm oil Maize oil
CL 0 3 0 3
C14:0 6.1 4.2 0.0 0.0
C16:0 297.4 312.6 168.2 132.4
C16:1 3.5 2.3 0.0 0.0
C18:0 59.0 47.1 27.1 23.2
C18:1n-9 343.3 339.3 279.0 251.5
C18:1n-7 9.1 6.6 6.4 3.3
C18:2n-6 233.2 221.3 461.2 520.4
C18:3n-3 40.7 46.7 42.2 45.8
C20:4n-6 0.0 3.5 4.1 2.0
Other 7.8 16.4 11.8 21.3
n-6/n-31 5.73 4.81 11.0 11.4
S/P2 0.57 0.57 0.24 0.18
FA5 fatty acid; CL5 Curcuma longa.
1n-6/n-35 polyunsaturated FA series n-6/polyunsaturated FA series n-3 ratio.
2S/P5saturated FA/unsaturated FA ratio.
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of the diets was characterised by higher percentages of SFA
and MUFA and lower percentages of PUFA in the PO diets
than in the MO diets. Moreover, the n-6/n-3 ratios in the two
MO diets were higher than those of the two PO diets, due
to their low LA content. The SFA/unsaturated FA (UFA) ratio
in the PO diets was more than double than that of the
MO diets.
Growth performance and carcass traits
The growth performance and main carcass traits were not
affected by the oil source or by CL supplementation (Table 3).
The mortality was nil in all the treatments and all the diets.
The curcuma diets were consumed without any palatability
problems.
Meat quality
The chemical composition, pH and oxidative status of the
L. dorsi muscle of the rabbits fed the experimental diets are
reported in Table 4. None of these parameters was affected
by the oil source or by the CL supplementation.
FA composition
The L. dorsi muscle and perirenal fat showed different FA
compositions (Tables 5 and 6, respectively). The FA profile in
the tissues mainly reflected the dietary oil sources.
Figure 1 reports, in decreasing order and in log scale, the
average FA content of the perirenal fat, muscle and feeds.
A clearly different pattern distinguishes the trends of the
perirenal and the intramuscular fat, if the dietetic nature of
the oil supplement is disregarded. Many FAs in the perirenal
fat originated from de novo FA synthesis, that is, C12:0,
C15:0, C20:0, C20:2n-6 and C20:3n-3, but these were
absent in the muscle. As for the exogenous FAs, there were
two exceptions concerning a-Linolenic acid (ALA, C18:3n-3)
and arachidonic acid (AA, C20:4n-6), which clearly appeared
to be concentrated in the muscle in a mode alike or more
than proportional to the feed supplement concentration.
The rabbits fed the more saturated PO diets presented
significantly higher PA and OA contents and a lower LA
content in their L. dorsi muscle than in the muscle of the
rabbits fed the more unsaturated MO diets (Table 5). As a
consequence, the SFA and MUFA contents were higher in the
muscles of the rabbits fed the PO diets than in those of the
animals given the MO diets. The total PUFA and PUFA n-6
contents were higher in the muscles of the rabbits fed
the unsaturated MO diets than in those of the animals given
the PO diets.
Table 3 The performance and carcass characteristics of growing rabbits fed the experimental diets1
Palm oil Maize oil
CL 0 3 0 3 s.e.m.
Initial weight (g) 1522 1541 1484 1504 35.9
Total feed consumption (g) 3468 3560 3605 3589 52.2
Total weight gain (g) 930 891 955 906 24.3
Daily feed (g) 119 123 124 124 1.8
Daily weight gain (g) 32.0 30.7 32.9 31.2 0.8
Feed/gain ratio (g/g) 3.78 4.12 3.83 4.03 0.1
SW (g) 2451 2432 2439 2410 39.6
Commercial CW (g) 1389 1377 1397 1361 27.1
Carcass yield (%) 56.5 56.5 57.2 56.5 0.3
Head (g/kg SW) 54 59 57 57 0.8
Liver (g/kg SW) 27 28 27 28 0.6
Kidney (g/kg SW) 5.7 5.9 5.9 6.1 0.1
HLTTO (g/kg SW) 10.4 10.4 10.1 10.7 0.3
Skin and limbs (g/kg SW) 166 161 165 162 3.2
Hind leg (g/kg CW) 254 255 253 247 5.2
Foreleg (g/kg CW) 115 117 116 118 1.8
Breast and ribs (g/kg CW) 184 188 194 187 5.0
Loin and abdominal wall (g/kg CW) 300 302 306 298 7.8
CL5 Curcuma longa; SW5 slaughter weight; CW5 carcass weight; HLTTO5 heart, lung, thymus, trachea and oesophagus.
1The effects of oil, CL and oil3 CL were not significant (P. 0.05).
Table 4 Chemical composition (g/kg DM), pH and TBARS (mM MDA/kg
DM) of the Longissimus dorsi muscle of rabbits fed the experimental diets1
Palm oil Maize oil
CL 0 3 0 3 s.e.m.
DM (g/kg FM) 254.4 254.8 253.3 253.8 1.0
Protein 907.6 887.8 893.7 899.9 3.5
Ash 50.2 49.8 49.0 50.6 0.5
Lipid 23.7 23.8 21.9 23.8 1.1
pH 5.79 5.77 5.72 5.69 0.02
TBARS 17.32 12.88 12.13 16.84 0.87
DM5 dry matter; TBARS5 thiobarbituric acid reactive substances;
MDA5Malondialdehyde; CL5 Curcuma longa; FM5 fresh matter.
1The effects of oil, CL and oil3 CL were not significant (P. 0.05).
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The CL supplementation increased the levels of ALA and
the PUFA n-3 content, whereas it depressed the vaccenic
acid (VA, C18:1n-7) content.
The FA composition of the perirenal fat depot was influ-
enced to a great extent by the dietary oil and, to a lesser
extent, by the CL supplement (Table 6). The main variations
affected the PA, OA, LA, ALA, AA, C18:0, C20:0, C20:2n-6
and C20:3n-3 contents. There were several FAs in the peri-
renal fat and these were more featured than in the intra-
muscular fat. In the same way as in the muscle, the PA and
OA contents were higher, whereas LA was lower in the fats
of the rabbits fed the PO diets than in those of the animals
given the MO diets. ALA was detected in lower percentages
in the perirenal fat than in the L. dorsi muscle. Some FAs that
were not found in the muscle (C12:0, C15:0, C20:0, C20:2n-6
and C20:3n-3) were detected in the perirenal fat, although
most were in very low percentages.
The effect of CL supplementation decreased the VA con-
tent and increased the C20:0 content in the perirenal fat.
The nutritional quality of meat and fat has been evaluated
in terms of the n-6/n-3 ratio, the SFA/UFA ratio, the AI and
the TI (Tables 5 and 6). The n-6/n-3 ratio was lower in the
L. dorsi muscle and perirenal fat of the rabbits fed saturated
oil diets, whereas the other parameters were significantly
higher in both tissues of the rabbits receiving the PO diets.
The CL supplementation was only found to influence the
n-6/n-3 ratio in the L. dorsi muscle.
Discussion
As far as the ingredients of the four diets are concerned, they
only differed according to the type of oil and the presence or
lack of CL. The chemical composition and GE of the diets
were therefore similar.
The perirenal fat reflected the dietary FA composition
more than the intramuscular fat, which is in agreememt with
previous reports (Ouhayoun et al., 1987; Bernardini et al.,
1999). The PUFA depot is in fact pre-eminent in the adipo-
cytes, whereas lipids play a functional role in the muscle
tissue (Bernardini et al., 1999).
The composition of the dietary fat source can modify the
FA composition of rabbit tissues to a great extent and can
play different roles in the quality of the carcass and meat
(Cobos et al., 1993; Ferna´ndez and Fraga, 1996). Many of
Table 5 FA composition (g/kg of total FA) and indexes related to
human health in the Longissimus dorsi muscle of rabbits fed the
experimental diets
Palm oil Maize oil Significance1
CL 0 3 0 3 s.e.m. Oil CL
C14:0 23.3 22.4 20.5 20.1 0.6 0.075 0.666
C16:0 309.0 317.6 267.1 276.6 4.1 0.000 0.055
C16:1 29.5 28.7 32.8 25.2 1.9 0.838 0.302
C18:0 61.2 61.8 58.8 57.4 0.8 0.109 0.887
C18:1n-9 307.5 304.2 247.5 242.0 5.2 0.000 0.746
C18:1n-7 12.1 10.9 11.3 10.9 0.2 0.322 0.029
C18:2n-6 187.2 186.5 286.4 283.6 8.2 0.000 0.376
C18:3n-3 23.2 29.8 25.0 27.5 0.7 0.580 0.001
C20:4n-6 28.2 27.6 33.2 33.4 1.8 0.069 0.877
Other 18.8 10.5 17.4 23.3 1.4 0.151 0.615
SFA 393.5 401.8 346.3 354.1 4.7 0.000 0.131
MUFA 349.1 343.8 291.6 278.1 6.1 0.000 0.391
PUFA 238.6 243.9 344.6 344.5 8.9 0.000 0.781
PUFA n-32 23.2 29.8 25.0 27.5 0.7 0.580 0.001
PUFA n-63 215.4 214.1 319.7 317.0 9.0 0.000 0.420
n-6/n-34 9.55 7.43 13.09 11.60 0.46 0.000 0.004
S/P5 0.67 0.68 0.55 0.57 0.01 0.000 0.146
AI 0.69 0.69 0.55 0.57 0.01 0.000 0.267
TI 1.12 1.09 0.91 0.83 0.02 0.000 0.857
FA5 fatty acid; CL5 Curcuma longa; SFA5 saturated FA; MUFA5
monounsaturated FA; PUFA5 polyunsaturated FA; AI5 atherogenic index;
TI5 thrombogenic index.
1Effects of oil3 CL was not significant (P. 0.05).
2PUFA n-35 PUFA series n-3.
3PUFA n-65 PUFA series n-6.
4n-6/n-35 PUFA n-6/PUFA n-3 ratio.
5S/P5 SFA/unsaturated FA.
Table 6 FA composition (g/kg of total FA) and indexes related to
human health in the perirenal fat of rabbits fed experimental diets
Palm oil Maize oil Significance1
CL 0 3 0 3 s.e.m. Oil CL
C12:0 2.1 1.8 2.0 2.3 0.1 0.227 0.577
C14:0 22.1 20.1 19.2 19.3 0.7 0.265 0.369
C15:0 5.0 4.8 4.9 5.3 0.1 0.461 0.703
C16:0 296.0 297.4 237.5 245.9 5.2 0.000 0.387
C16:1 21.9 19.5 24.1 16.4 1.4 0.996 0.064
C18:0 61.0 61.6 54.9 54.5 0.9 0.000 0.938
C18:1n-9 324.5 311.6 244.4 251.1 6.4 0.000 0.484
C18:1n-7 10.1 8.8 9.3 8.7 0.3 0.349 0.049
C18:2n-6 200.9 208.9 339.6 330.3 11.8 0.000 0.976
C18:3n-3 1.5 1.6 1.7 1.8 0.1 0.050 0.476
C20:0 32.8 39.8 37.3 41.0 0.7 0.007 0.000
C20:2n-6 2.6 2.7 2.2 2.4 0.1 0.083 0.632
C20:3n-3 1.3 1.3 2.0 2.0 0.1 0.000 0.771
C20:4n-6 1.3 1.3 1.7 1.5 0.1 0.000 0.112
Other 16.8 20.7 19.1 17.7 0.6 0.622 0.240
SFA 419.0 425.4 355.8 368.2 5.7 0.000 0.135
MUFA 356.5 338.2 277.9 276.1 6.6 0.000 0.121
PUFA 207.7 215.7 347.3 338.0 11.9 0.000 0.974
PUFA n-32 2.8 2.8 3.7 3.8 0.1 0.000 0.838
PUFA n-63 20.48 21.28 34.36 33.43 1.18 0.000 0.971
n-6/n-34 73.12 74.65 94.10 90.23 2.27 0.000 0.812
S/P5 0.67 0.69 0.50 0.53 0.02 0.000 0.312
AI 0.69 0.69 0.51 0.53 0.02 0.000 0.615
TI 1.31 1.34 1.00 1.01 0.03 0.000 0.327
FA5 fatty acid; CL5 Curcuma longa; SFA5 saturated FA; MUFA5
monounsaturated FA; PUFA5 polyunsaturated FA; AI5 atherogenic index;
TI5 thrombogenic index.
1The effects of oil3 CL was not significant (P. 0.05).
2PUFA n-35 PUFA series n-3.
3PUFA n-65 PUFA series n-6.
4n-6/n-35 PUFA n-6/PUFA n-3 ratio.
5S/P5 SFA/unsaturated FA.
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these researches used diets that contained high-LA fat
sources. Similarly in this study, the effect of the different
dietary oil or seed oil source did not seem to significantly
affect the growth performance, the main carcass traits or the
meat lipid content of rabbits to any extent (Peiretti et al.,
2007; Peiretti and Meineri, 2008). Ferna´ndez and Fraga
(1996) have shown that the SW and dressing proportion are
not affected by dietary fat sources, whereas Gondret et al.
(1998) have found that different vegetable fat sources
(coconut, palm and sunflower oil) do not affect growth
performance, the main carcass traits or the carcass and meat
lipid, with the exception of the lipid content of L. dorsi
muscle, which was significantly lower in the coconut diet,
compared to the other two diets.
Dal Bosco et al. (2004) has found that the proximate
composition of fresh meat is not significantly affected by the
dietary antioxidant treatment.
In our study, a marked difference in the PA, OA and LA
contents in the depot lipids (intramuscular lipids and peri-
renal fat) has been observed between the rabbits receiving a
source of oil rich in SFA or in MUFA and PUFA; moreover, the
FA contents of the depot lipids in the rabbits fed unsaturated
diets are similar to those reported in the literature (Cobos
et al., 1993; Lo´pez-Bote et al., 1997). Enriching the diets of
rabbits with soya, sunflower oils or soyabeans increases the
proportion of UFAs compared to those obtained using con-
ventional diets (Cobos et al., 1993). Herna´ndez et al. (2007)
have studied the FA composition of the leg meat of rabbits
fed three diets enriched with 30 g/kg animal fat, 30 g/kg
linseed oil and 30 g/kg sunflower oil, respectively. These
authors found higher percentages of LA and ALA in the meat
of the animals fed the diet enriched with linseed oil and
sunflower oil, respectively, than in the meat of the animals
fed the diet enriched with animal fat.
However, a dietary enrichment with vegetable oils does not
always increase the unsaturation index of the intramuscular
lipids. Lo´pez-Bote et al. (1997) have observed that the addition
of olive oil or sunflower oil does not significantly change this
parameter and even reduces the PUFA n-3 concentration in
polar lipids, compared to rabbits fed non-enriched diets.
As far as the effect of CL integration in the diets is concerned,
there are two aspects that should be considered: its contribu-
tion of PUFA to the diet and its known antioxidant effect.
In our study, with regard to the effect of the dietary con-
tribution of PUFA due to CL, we have found that CL sup-
plementation of the MO and PO diets increases the ALA
contents and reduces the n-6/n-3 ratio in rabbit meat. It is
possible that curcumin is involved in desaturase activites.
According to Rise et al. (2003), it totally inhibits the D6 and
D5 desaturation steps, preserves the level of ALA, and
decreases cholesterol synthesis. In a prolonged administra-
tion to rabbits, Wientarsih et al. (2002) have observed that
Curcuma xanthorrhiza significantly decreases LDL and tri-
glyceride concentrations. Curcuma inclusion has led to an
increase in the 3-hydroxy-3-methylglutaryl coenzyme (HMG-
CoA) reductase inhibitor activity (Wientarsih et al., 2002)
and the inhibition of HMG-CoA reductase resulted in a
decrease in cholesterol synthesis in rat cells (Amin et al.,
1993). The critical enzymes for producing PA, C18:0 and OA
to maintain homoeostasis, are FA synthase, elongase and
desaturase. These enzymes link the PA, C18:0 and C20:0 non-
essential FAs in a network of pathways (Bassilian et al., 2002).
The present research has shown that CL decreases the
VA content in both intramuscular and depot fats, probably
because of its desaturation to ALA, and the desaturase step in
the muscle in fact progressively yields more ALA. This has not
occurred in the perirenal fat, but the elongase activity has
operated at the same time to produce more C20 chains. This
finding is in agreement with the favourable modification of
triglycerides provided by curcuma, even at low levels, which
could be beneficial for young animals.
However, the impact of FA modification on the tissues
induced by CL on the oxidative stability of fresh meat has
not been significant in this study. This effect of CL should be
evaluated with unpelletted diets or pelleted by the cold
extrusion method, in order to avoid a possible degradation of
curcumin in the heating pressure process. The latter aspect is
very important as diets rich in PUFA are more susceptible to
oxidation than diets containing SFAs, because of the high
temperatures that are used in the feed pelleting process.
The prevention of lipid oxidation in muscle-based food can
be achieved through the addition of natural antioxidants, such
as vitamin E, as dietary supplements. In recent years, different
studies have examined the effects of extra dietary supple-
mentation with vitamin E on the deposition of a-tocopherol in
tissues, on meat quality characteristics, on oxidative stability
and on the shelf life of rabbit meat (Lo´pez-Bote et al., 1997;
Dal Bosco et al., 2001; Lo Fiego et al., 2004).
The effect of the synergetic dietary supplementation of
vitamins C and E has also been investigated, and has shown
to lead to an increase in the vitamin content and a reduction
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in the oxidation of lipids (Castellini et al., 2001; Lo Fiego
et al., 2004; Selim et al., 2008).
The addition of CL further enhances the PUFA n-3 content
in the intramuscular fat and this improves the nutritional
value of rabbit meat. Further research, using higher levels of
CL supplementation, will help solidify the benefits of its use.
Acknowledgement
The research was in part financed by Italian University funds
‘Ministero dell’Universita` e della Ricerca – Fondo ex-60%’.
References
Amin D, Gustafson SK, Weinacht JM, Cornell SA, Neuenschwander K, Kosmider B,
Scotese AC, Regan JR and Perrone MH 1993. RG12561 (dalvastatin): a novel
synthetic inhibitor of HMG-CoA reductase and cholesterol-lowering agent.
Pharmacology 46, 13–22.
Association of Official Analytical Chemists (AOAC) 2004. Official methods of
analysis, vol. 2, 18th edition. AOAC, Arlington, VA, USA.
Arafa HMM 2005. Curcumin attenuates diet-induced hypercholesterolemia in
rats. Medical Science Monitor 11, BR228–BR234.
Bassilian S, Ahmed S, Lim SK, Boros LG, Mao CS and Lee WNP 2002. Loss of
regulation of lipogenesis in the Zucker diabetic rat. II. Changes in stearate and
oleate synthesis. American Journal of Physiology and Endocrinology Metabolism
282, E507–E513.
Bernardini M, Dal Bosco A and Castellini C 1999. Effect of dietary n-3/n-6 ratio
on fatty acid composition of liver, meat and perirenal fat in rabbit. Animal
Science 68, 647–654.
Blasco A, Ouhayoun J and Masoero G 1993. Harmonization of criteria and
terminology in rabbit meat research. World Rabbit Science 1, 3–10.
Botsoglou N, Florou-Paneri P, Christaki E, Giannenas I and Spais A 2004.
Performance of rabbits and oxidative stability of muscle tissues as affected by
dietary supplementation with oregano essential oil. Archives of Animal
Nutrition 58, 209–218.
Castellini C, Dal Bosco A and Bernardini M 2001. Improvement of lipid stability
of rabbit meat by vitamins E and C administration. Journal of Science of Food
and Agriculture 81, 46–53.
Cavani C, Petracci M, Trocino A and Xiccato G 2009. Advances in research on poultry
and rabbit meat quality. Italian Journal of Animal Science 8 (suppl. 2), 741–750.
Chouinard PY, Corneau L, Sæbø A and Bauman DE 1999. Milk yield and
composition during abomasal infusion of conjugated linoleic acids in dairy cows.
Journal of Dairy Science 82, 2737–2745.
Christie WW 1982. A simple procedure for rapid transmethylation of
glycerolipids and cholesteryl esters. Journal of Lipid Research 23, 1072–1075.
Cobos A, Cambero MI, Ordo´n˜ez JA and de la Hoz L 1993. Effect of fat-enriched
diets on rabbit meat fatty acid composition. Journal of the Science of Food and
Agriculture 62, 83–88.
Dal Bosco A, Castellini C and Bernardini M 2001. Nutritional quality of rabbit
meat as affected by cooking procedure and dietary vitamin E. Journal of Food
Science 66, 1047–1051.
Dal Bosco A, Castellini C, Bianchi L and Mugnai C 2004. Effect of dietary
a-linolenic acid and vitamin E on the fatty acid composition, storage stability
and sensory traits of rabbit meat. Meat Science 66, 407–413.
Dalle Zotte A 2002. Perception of rabbit meat quality and major factors influencing
the rabbit carcass and meat quality. Livestock Production Science 75, 11–32.
Enser M 1984. The chemistry, biochemistry and nutritional importance of animal
fats. In Fats in animal nutrition (ed. J Wiseman), pp. 23–51. Butterworths,
London, UK.
Ferna´ndez C and Fraga MJ 1996. The effect of dietary fat inclusion on growth,
carcass characteristics and chemical composition of rabbits. Journal of Animal
Science 74, 2088–2094.
Ferna´ndez-Carmona J, Cervera C and Blas E 1996. Prediction of the energy value
of rabbit feeds varying widely in fibre content. Animal Feed Science and
Technology 64, 61–75.
Ferna´ndez-Carmona J, Blas E, Pascual JJ, Maertens L, Gidenne T, Xiccato G
and Garcı´a J 2005. Recommendations and guidelines for applied nutrition
experiments in rabbits. World Rabbit Science 13, 209–228.
Gondret F, Mourot J, Lebas F and Bonneau M 1998. Effects of dietary fatty acids
on lipogenesis and lipid traits in muscle, adipose tissue and liver of growing
rabbits. Animal Science 66, 483–489.
Hara A and Radin NS 1978. Lipid extraction of tissues with a low-toxicity
solvent. Analytical Biochemistry 90, 420–426.
Herna´ndez P, Cesari V and Pla M 2007. Effect of the dietary fat on fatty acid
composition and oxidative stability of rabbit meat. In Proceedings of the 53rd
International Congress of Meat Science and Technology, pp. 367–370. Station
de recherche Agroscope ALP, Berne, Switzerland.
Herna´ndez P 2008. Enhancement of nutritional quality and safety in rabbit
meat. In Proceedings of the 9th World Rabbit Congress (ed. G Xiccato, A Trocino
and SD Lukefahr), pp. 1287–1299. Fondazione Iniziative Zooprofilattiche e
Zootecniche, Brescia, Italy.
Jain S, Shrivastava S, Nayak S and Sumbhate S 2007. PHCOG MAG: plant review
recent trends in Curcuma Longa Linn. Pharmacognosy Reviews 1, 119–128.
Lo Fiego DP, Santoro P, Macchioni P, Mazzoni D, Piattoni F, Tassone F and
De Leonibus E 2004. The effect of dietary supplementation of vitamins C and E
on the a-tocopherol content of muscles, liver and kidney, on the stability of
lipids, and on certain meat quality parameters of the longissimus dorsi of
rabbits. Meat Science 67, 319–327.
Lo´pez-Bote C, Rey A, Ruiz J, Isabel B and Sanz Arias R 1997. Effect of feeding
diets high in monounsaturated fatty acids and a-tocopheryl acetate to rabbits
on resulting carcass fatty acid profile and lipid oxidation. Animal Science 64,
177–186.
Ouhayoun J, Kopp J, Bonnet M, Demarne Y and Delmas D 1987. Influence of
dietary fat composition on rabbit perirenal lipids properties and meat quality.
Science des Aliments 7, 521–534.
Peiretti PG, Mussa PP, Prola L and Meineri G 2007. Use of different levels of
false flax (Camelina sativa L.) seed in diets for fattening rabbits. Livestock
Science 107, 192–198.
Peiretti PG and Meineri G 2008. Effects on growth performance, carcass
characteristics, and the fat and meat fatty acid profile of rabbits fed diets with
chia (Salvia hispanica L.) seed supplements. Meat Science 80, 1116–1121.
Quiles JL, Mesa MD, Ramı´rez-Tortosa CL, Aguilera CM, Battino M, Gil A´ and
Ramı´rez-Tortosa MC 2002. Curcuma longa extract supplementation reduces
oxidative stress and attenuates aortic fatty streak development in rabbits.
Arteriosclerosis, Thrombosis, and Vascular Biology 22, 1225–1231.
Rise P, Ghezzi S, Levati MG, Mirtini R, Colombo C and Galli C 2003.
Pharmacological modulation of fatty acid desaturation and of cholesterol
biosynthesis in THP-1 cells. Lipids 38, 841–846.
Robertson JB and Van Soest PJ 1981. The detergent system of analysis. In The
analysis of dietary fibre in food (ed. WPT James and O Theander), pp. 123–158.
chapter 9. Marcel Dekker, NY, USA.
Selim NA, Abdel-Khalek AM, Nada SA and El-Medany ShA 2008. Response
of growing rabbits to dietary antioxidant vitamins E and C. 1. Effect on
performance. In Proceedings of the 9th World Rabbit Congress (ed. G Xiccato,
A Trocino and SD Lukefahr), pp. 1437–1442. Fondazione Iniziative Zooprofi-
lattiche e Zootecniche, Brescia, Italy.
Ulbricht TL and Southgate DAT 1991. Coronary heart disease: seven dietary
factors. The Lancet 338, 985–992.
Van Soest PJ, Robertson JB and Lewis BA 1991. Methods for dietary fiber,
neutral detergent fiber, and nonstarch polysaccharides in relation to animal
nutrition. Journal of Dairy Science 74, 3583–3591.
Wientarsih I, Chakeredza S and ter Meulen U 2002. Influence of curcuma
(Curcuma xanthorrhiza Roxb) on lipid metabolism in rabbits. Journal of the
Science of Food and Agriculture 82, 1875–1880.
Witte VC, Kraus GF and Bailey ME 1970. A new extraction method for
determining 2-thiobarbituric acid value of pork and beef during storage. Journal
of Food Science 35, 582–585.
Zhang W, Liu D, Wo X, Zhang Y, Jin M and Ding Z 1999. Effects of Curcuma longa
on proliferation of cultured bovine smooth muscle cells and on expression
of low density lipoprotein receptor in cells. Chinese Medical Journal 112,
308–311.
Zunino V, Meineri G and Peiretti PG 2010. Curcuma longa and dietary plant oils
for growing rabbits. Effect on apparent digestibility. Journal of Food, Agriculture
and Environment 8, 435–438.
Dietary oil and Curcuma longa for rabbits
801
